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CONSTANT VOLTAGE GENERATING R 

CIRCUIT V0 = W ' (Vcc— VEE- V1 — V1) + VEE'i' V1 (2) 

BACKGROUND OF THE INVENTION 5 ZRiTIRF {RIVCHRQVEH (RM ‘RIM 

1_ Field of the Invention Preferably, the output voltage, VCS=VO—VEE, is always 
The present invention relates in general to a stabilization cohstaht' Taking a cash where the bias circuit 100 is 00h‘ 

technique in a constant voltage generating circuit. More hected to an ECL circuit by Way of eXaihPiei the reason Wiii 
particularly, the present invention relates to a technique for 10 he described below 
receiving the ?rst and second potentials to output an output FIG. 11 is a circuit diagram showing a con?guration of the 
voltage, and lessening a dependency upon a variation of the ECL circuit Q9 connected to the bias circuit 100 and con 
secohd potehtiai- nection of these two circuits. This ?gure shows the employ 

2. Description of the Background Art rnent of an inverter as the ECL circuit Q9. The ECL circuit 
FIG. 10 is a circuit diagram showing a con?guration a 15 Q9 comprises a transistor T11 the base of which receives an 

bias circuit 100 which is an example of a background art input signal, atransistorT12 abase of which receives a ?xed 
constant voltage generating circuit. In the ?gure, transistors potential VBB and a current Source Q10 connected common 
T1ahdTZQICNPN'tYPCBJTS(Bipoihi'JuhctiOhTransistors)- to the emitters of the transistors T11 and T12, drawing a 
Th‘? collector ohthe hahslstohTl ‘8 connected _throhgh _a current out of these transistors into the power supply line 
resistor R2 (hereinafter, the resistance of the resistor R2 1s 20 V The cohhctors of the transistors T and T are 
also represented as R2, and the same rule applies corre- EE' . . n 12 
spohchngly to the following) to the ?rst power supply hhe connected through respective resistors to the ?rst power 
vCc (hereinafter, the potential to be provided as the ?rst suPPiY line Vcc 
potential by the ?rst power supply line VCC is also repre- The cu?cnt Source Q10 comprises a trahsismt T10 a 
Sented as V c c)_ The gn'littef of the transistor T1 is connected 25 collector Of is connected in COI'HI'IIOII t0 the emitters Of 
through a resistor R1 to the second power supply line VEE the transistors T11 and T12 and a base of which receives the 
(hereinafter, the potential to be provided as the second output potential V0 of the bias circuit 100 and a resistor R10 
Potential hy the second Power supply iihe VEE is also connecting the emitter of the transistor T10 with the second 
represented as VEE). For example, the ?rst potential V0? is powhr supply line VEE_ 
set to ‘0V and the second potential VEE 1s set to negative 30 when the outputpotehtial vcs varies, the Curreht from the 
potential of ECL level. . . . 

t _ _ current source Q1O accordingly vanes, so that it cannot 

Oh the other hand’ In the hahslstor T2’ th": collector 15 remain constant. That causes malfunction of the ECL circuit 
cohnecthfd dlmctly to the ?rst poweir Supply hne VCC’ the Q9. Therefore, in order to stabilize the operation of ECL 
enntter is connected through a resistor R3 to the second . . . . . . . . . 

power supply line VEE and the hash is connected the 35 circuit Q9 which is connected to the bras circuit 100, it rs 
collector of the transistor T1. The base of the transistor T1 deshable to keep the output voltage’ VCS: ‘IO-VH1?’ always 
and an output terminal are connected to the emitter of the at a constant value’ 
transistor T2_ On the other hand, the variation of the output voltage VCS 
The output terminal receivas an output potential V0 to is caused by the variations of the ?rst and second potentials 

output the potential difference between the output potential 40 Vcc ahti VEEt Let Us Consider how a Case Where the ?rst 
V0 and the second potential V BE as an output potential V65. potential Vcc is ?xed to 0V without variation and the second 
The operation of the bias circuit 100 having the afore- Pothhtia1 VEE having negative Value may V313’ 

mentioned con?guration will be described. The collector of The dependency of the output voltage VCS upon the 
the transistor T1, the resistor R2 and the base of the transistor second potential VEE can be obtained from Formula (2) as 
T2 are connected at a node A and the emitter of the transistor follows: 

aVCs (3) 
W =% W0“ Var) 

R1 BVcc R1 1 avi av: 
: R1 +Rg BVEE + R1+R2 + R1+R2 (R2 avg}; _R1 BVEE )_1 

R1 BVcc 1 8V1 6V2 R1 
: R1+RZ avg); + R1 +R2 (R2 BVEE —R1 BVEE )_ R1+R2 

55 

T1 and the resistor R1 are connected at a node B. Repre- Since the ?rst potential VCc is ?xed to 0 V without 
senting the potential of the node B as VB, the following Variation’ the following foiihhia is Obtained: 

relation is satis?ed: avcs 1 W1 W2 R1 (4) 

60 aVEE : R1+R2 (RZTWEE _R1 BVEE )_ R1+Rz 
VOIVBJFVI (1) In this formula, the ?rst term on the right-hand side 

represents the dependency of the base-emitter voltages V1 
. . andV of the transistors T andT u on the second otential 

Ahsummg now that the base'emltter vhltageh of’ the V EE vahich is approximately negligible in comparigon with 
transistors T1 and T2 are V1 and V2, respectively, in drsre- 65 the Second term 
gard of the base currents of the transistors T1 and T2, 
Formula (1) is transformed into the following expression: 

On the other hand, since RZIR1 is usually determined to 
around 1 in order to make the temperature dependency of the 
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output voltage VCS low, even if the ?rst term on the 
right-hand side is negligible, the dependency of the output 
voltage VCS upon the second potential VEE is expressed as 
follows: 

BVEE 
R1 1 

=0) 
Since the background art bias circuit 100 has the afore 

mentioned con?guration, when the second potential VEE 
which is lower than the ?rst potential varies, the output 
voltage VCS also varies in proportion to the variation of the 
second potential V EE. For this reason, there arises a problem 
of causing malfunction of the ECL circuit Q9 connected to 
the bias circuit 100. 

(5) 

8V1 8V2 
where W ~ 0, 

SUMMARY OF THE INVENTION 

The present invention is directed to a constant voltage 
generating circuit. According to the ?rst aspect of the present 
invention, the constant voltage generating circuit comprises: 
(a) a ?rst potential point and a second potential point for 
providing a ?rst potential and a second potential which are 
different from each other; (b) an output circuit having (b-l) 
an output terminal; (b~2) an output resistor including a ?rst 
end connected to the output terminal and a second end 
connected to the second potential point; (b-3) an output 
transistor including a ?rst current electrode connected to the 
?rst potential point, a second current electrode connected to 
the output terminal and a control electrode; (c) a clamping 
circuit having (c-i) a clamp output terminal for applying a 
clamp voltage which is almost constant with variation of 
predetermined range to the second potential to output a 
clamp potential; (c~2) a variation output terminal for trans 
fern'ng the variation of the clamp voltage; (d) a feedback 
circuit having (d-l) a ?rst feedback input terminal connected 
to the output terminal; (d-2) a second feedback input termi 
nal connected to the clamp output terminal; (d-3) a third 
feedback input terminal; (d-4) a feedback output terminal for 
providing the control electrode of the output transistor with 
a potential which is negatively fed back in response to 
potential variations of the ?rst to third feedback input 
terminals; and (e) a current generating circuit having (e-l) a 
variation input terminal connected to the variation output 
terminal, the current generating circuit supplying the third 
feedback input terminal with a feedback current which 
increases or decreases in response to a potential difference 
between a potential of the variation input terminal and the 
second potential. 

In the constant voltage generating circuit in accordance 
with the ?rst aspect of the present invention, the potential to 
be applied to the output terminal, the clamp potential and the 
feedback current in response to the variation of the clamp 
potential are fed back to the feedback circuit and then the 
feedback circuit applies a negative feedback to the output 
circuit. 

Thus, since the negative feedback is applied as a function 
of not only the potential of the output terminal but also the 
clamp potential, stabilization of the potential difference 
between the potential of the output terminal and the second 
potential is accomplished. Moreover, since the negative 
feedback is also applied as a function of the variation of the 
clamp voltage, the potential variation at the output terminal 
due to the variation of the clamp voltage within a predeter 
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4 
mined range is lessened, thereby ensuring further stabiliza 
tion of the above potential difference. 

According to the second aspect of the present invention, 
the feedback circuit further has (d~5) a ?rst resistor con 
nected between the ?rst potential point and the second 
feedback input terminal; (d-6) a second resistor connected 
between the second feedback input terminal and the feed 
back output terminal; (d-7) a feedback transistor including a 
?rst current electrode connected to the feedback output 
terminal and the third feedback input terminal, a control 
electrode connected to the ?rst feedback input terminal and 
a second current electrode; and (d-8) a third resistor con 
nected between the second current electrode of the feedback 
transistor and the second potential point. 

In the constant voltage generating circuit in accordance 
with the second aspect of the present invention, the ?rst 
resistor retains the potential difference between the ?rst 
potential and the clamp potential. Therefore, the clamp 
potential varies in response to the variation of the second 
potential, not depending upon the ?rst potential. 

According to the third aspect of the present invention, the 
feedback output terminal and the third feedback input ter 
minal are connected direct to each other in the feedback 
circuit. 

In the constant voltage generating circuit in accordance 
with the third aspect of the present invention, the voltage 
drop caused only by the feedback current and the second 
resistor varies the potential of the control electrode of the 
output transistor. 

Thus, since only the second resistor serves to vary the 
potential of the control electrode of the output transistor, 
simpli?cation of the con?guration is achieved. 

According to the fourth aspect of the present invention, 
the clamping circuit further has (c-3) a clamp potential 
generating transistor including a ?rst current electrode con 
nected to the ?rst potential point, a control electrode con 
nected to the clamp output terminal and a second current 
electrode; and (0-4) a clamp potential variation detecting 
transistor including a ?rst current electrode connected to the 
second current electrode of the clamp potential generating 
transistor, a second current electrode connected to the sec 
ond potential point and a control electrode connected to the 
variation output terminal. 

In the constant voltage generating circuit in accordance 
with the fourth aspect of the present invention, the voltage 
between the control electrode and the second current elec 
trode of the clamp potential generating transistor is provided 
as part of the clamp potential. The clamp potential variation 
detecting transistor detects the variation of the clamp voltage 
to be transferred to the variation output terminal. 

Thus, the feedback current responsive to the variation of 
the clamp voltage can be obtained in the current generating 
circuit. 

According to the ?fth aspect of the present invention, the 
control electrode and the ?rst current electrode are con 
nected direct to each other in the clamp potential variation 
detecting transistor. 

In the constant voltage generating circuit in accordance 
with the ?fth aspect of the present invention, the voltage 
between the control electrode and the second current elec 
trode of the clamp potential variation detecting transistor is 
provided as part of the clamp voltage. 

Thus, not only the voltage between the control electrode 
and the second current electrode of the clamp potential 
generating transistor but also the voltage between the control 
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electrode and the second electrode of the clamp potential 
variation detecting transistor are provided as part of the 
clamp voltage, thereby ensuring a higher clamp voltage. 

In the case where the clamp circuit consists of the clamp 
potential generating transistor and the clamp potential varia 
tion detecting transistor which are connected in series with 
each other, especially, there is a voltage retained between the 
control electrode and the second current electrode of the 
output transistor in the output circuit, and therefore, when 
the subsequent stage has only one circuit to be connected to 
the output terminal, an improvement in temperature char 
acteristic of the current ?owing in the subsequent stage 
transistor is achieved. 

According to the sixth aspect of the present invention, the 
clamping circuit further has (c-S) a diode disposed in series 
between the second current electrode of the clamp potential 
generating transistor and the ?rst current electrode of the 
clamp potential variation detecting transistor. 

In the constant voltage generating circuit in accordance 
with the sixth aspect of the present invention, the diode 
provides part of the clamp voltage. 

Thus, in addition to the voltages between the control 
electrode and the second current electrode of the clamp 
potential generating transistor and between the control elec— 
trode and the second current electrode of the clamp potential 
variation detecting transistor, the diode also provides part of 
the clamp voltage, so that much higher clamp voltage can be 
obtained. 

According to the seventh aspect of the present invention, 
the clamping circuit further has (c-6) a resistor disposed in 
series between the second current electrode of the clamp 
potential generating transistor and the ?rst current electrode 
of the clamp potential variation detecting transistor. 

In the constant voltage generating circuit in accordance 
with the seventh aspect of the present invention, the resistor 
controls the current ?owing in the ?rst current electrode of 
the clamp potential variation detecting transistor. 

Thus, by controlling the current ?owing in the ?rst current 
electrode of the clamp potential variation detecting transis 
tor, the variation of the variation output terminal in response 
to the variation of the second potential can be controlled. 

According to the eighth aspect of the present invention, 
the current generating circuit further has (e-2) a current 
generating transistor including a ?rst current electrode in 
which the feedback current ?ows, a control electrode con 
nected to the variation input terminal and a second current 
electrode connected to the second potential point. 

In the constant voltage generating circuit in accordance 
with the eighth aspect of the present invention, the current 
generating transistor converts the variation of the clamp 
voltage into the feedback current. 

Thus, the feedback current is controlled so as to respond 
to the variation of the clamp voltage, so that the voltage drop 
across the second resistor can be controlled to lessen the 
dependency of the potential variation of the feedback output 
terminal upon the clamp voltage. 

According to the ninth aspect of the present invention, the 
current generating circuit further has (e-3) a ?rst resistor 
disposed in series between the second current electrode of 
the current generating transistor and the second potential 
point. 

In the constant voltage generating circuit in accordance 
with the ninth aspect of the present invention, the ?rst 
resistor controls the dependency of the feedback current 
upon the variation of the clamp voltage. 
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6 
Thus, since the dependency of the feedback current upon 

the variation of the clamp voltage is controlled, the voltage 
drop across the second resistor is controlled more effec 
tively. 

According to the tenth aspect of the present invention, the 
constant voltage generating circuit comprises: (a) a ?rst 
potential point and a second potential point for providing a 
?rst potential and a second potential which are different from 
each other; (b) an output circuit having (b-l) an output 
terminal; (b-2) an output resistor including a ?rst end 
connected to the output terminal and a second end connected 
to the second potential point; (b-3) an output transistor 
including a ?rst current electrode connected to the ?rst 
potential point, a second current electrode connected to the 
output terminal and a control electrode; (c) a current mirror 
circuit having (c-l) an input and an output end; (c-2) a ?rst 
branch including a ?rst end connected to the input end and 
a second end connected to the second potential point; (0-3) 
a second branch including a ?rst end connected to the output 
end and a second end connected to the second potential 
point, the current mirror circuit supplying the second branch 
with a current in proportion to a current ?owing in the ?rst 
branch; (d) a clamping circuit connected to the input end of 
the current mirror circuit, for applying a clamp voltage 
which is almost constant with variation of predetermined 
range to the second potential to output a clamp potential; (e) 
a feedback circuit having (e-l) a ?rst feedback input termi 
nal connected to the output terminal; (e-2) a second feed 
back input terminal for receiving the clamp potential; (e-3) 
a third feedback input terminal connected to the output end 
of the current mirror circuit; and (e-4) a feedback output 
terminal for providing the control electrode of the output 
transistor with a potential which is negatively fed back in 
response to potential variations of the ?rst to third feedback 
input terminals. 

In the constant voltage generating circuit in accordance 
with the tenth aspect of the present invention, the clamping 
circuit provides part of the clamp voltage and the current 
mirror circuit applies the feedback current in proportion to 
the current ?owing in the clamping circuit to the feedback 
circuit. 

Since the variation of the clamp voltage is re?ected on the 
feedback current, the potential variation at the feedback 
output terminal of the feedback circuit due to the variation 
of the clamp voltage is lessened. 

According to the eleventh aspect of the present invention, 
the clamping circuit has (d-l) a clamp potential generating 
transistor including a ?rst current electrode connected to the 
?rst potential point, a second current electrode connected to 
the input end of the current rrrirror circuit and a control 
electrode to be provided with the clamp potential. 

In the constant voltage generating circuit in accordance 
with the eleventh aspect of the present invention, the ?rst 
branch of the current mirror circuit provides part of the 
clamp voltage. 

Thus, in addition to the voltage between the control 
electrode and the second current electrode of the clamp 
potential generating transistor, the ?rst branch of the current 
mirror circuit also provides part of the clamp voltage, so that 
higher clamp voltage can be obtained. 

According to the twelfth aspect of the present invention, 
the clamping circuit further has (d-2) a diode disposed in 
series between the second current electrode of the clamp 
potential generating transistor and the input end of the 
current mirror circuit. 

In the constant voltage generating circuit in accordance 
with the twelfth aspect of the present invention, the diode 
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also provides part of the clamp voltage. Therefore, higher 
clamp voltage can be obtained. 

Titus, in the constant voltage generating circuit according 
to the present invention, the feedback circuit is provided 
with the clamp potential obtained by applying the almost 
constant clamp voltage to the second potential, so that the 
output potential can keep at a constant value with no 
in?uence of the variation of the second potential. Moreover, 
since the feedback current compensates for the variation of 
the clamp voltage, the dependency of the output voltage 
upon the second potential is eliminated to thereby ensure a 
stabilized output voltage. 
An object of the present invention is to provide a stabi 

lized constant voltage generating circuit by lessening the 
dependency of an output voltage upon the second potential 
having relatively low value. 

These and other objects, features, aspects and advantages 
of the present invention will become more apparent from the 
following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing a con?guration in 
accordance with a ?rst preferred embodiment of the present 
invention; 

FIG. 2 is a circuit diagram showing a con?guration of a 
diode D utilizing a transistor T5; 

FIG. 3 is a circuit diagram showing a con?guration in 
accordance with the ?rst preferred embodiment of the 
present invention; 

FIG. 4 is a circuit diagram showing a con?guration in 
accordance with a second preferred embodiment of the 
present invention; 

FIG. 5 is a circuit diagram showing a con?guration in 
accordance with a third preferred embodiment of the present 
invention; 

FIG. 6 is a circuit diagram showing a con?guration in 
accordance with a fourth preferred embodiment of the 
present invention; 

FIG. 7 is a circuit diagram showing a con?guration in 
accordance with a ?fth preferred embodiment of the present 
invention; 

FIG. 8 is a circuit diagram showing a con?guration in 
accordance with a sixth preferred embodiment of the present 
invention; 

FIG. 9 is a circuit diagram showing an operation in 
accordance with a sixth preferred embodiment of the present 
invention; 

FIG. 10 is a circuit diagram of a conventional art; and 
FIG. 11 is a circuit diagram of the conventional art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A. The First Preferred Embodiment: 

(A-l) Con?guration: 

FIG. 1 is a circuit diagram showing a con?guration of a 
bias circuit 101 in accordance with the ?rst preferred 
embodiment of the present invention. 
The bias circuit 101 comprises four circuits, i.e., an output 

circuit Q, a feedback circuit Q2, a clamping circuit Q3 and 
a current generating circuit Q4. 
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8 
The output circuit Q1 and the feedback circuit Q2 consti 

tutes the bias circuit 100 as shown in FIG. 11. Speci?cally, 
the collector of the transistor T1 , the base of the transistor 
T2 and one end of the resistor R2 are connected at a node A. 
The other end of the resistor R2 is connected to the ?rst 
power supply line cc. Furthermore, the resistor R2 is divided 
at a node C into two resistors R2,, and R2,, which are 
connected in series to each other. 

The emitter of the transistor T 2 is connected to the base of 
the transistor T1 and one end of the resistor R3. The end of 
the resistor R3 is also connected to the output terminal and 
is provided with the output potential V0. The other end of 
the resistor R3 is connected to the second power supply line 
VEE. 
The emitter of the transistor T1 is connected to one end of 

the resistor R1 at a node B, and the other end of the resistor 
R1 is connected to the second power supply line VEE. 
The clamping circuit Q3 comprises a transistor T4 includ 

ing an emitter connected to the second power supply line 
V EE, a collector and a base which are connected common to 
each other, a diode D including a cathode connected to the 
collector of the transistor T4 and a transistor T6 including a 
collector connected to the ?rst power supply line Vcc, a base 
connected to the feedback circuit Q2 at the node C and an 
emitter connected to an anode of the diode D. 

As shown in FIG. 2, the diode D may be provided by 
employing a transistor T5 of which collector and base are 
connected direct to each other. In this case, the cathode and 
anode of the diode D correspond to the emitter and the 
collector, respectively, of the transistor T5. 
The current generating circuit Q4 comprises a transistor 

T3 including an emitter connected to the second power 
supply line V BE, a base connected common to the base and 
collector of the transistor T4 and a collector connected to the 
feedback circuit Q2 at the node A. 

In the aforementioned circuits, the transistors T3 to T6 are 
NPN-type BJTs (Bipolar Junction Transistors) like the tran 
sistors T1 and T2. 

, (A-2) Qualitative Description of Operation: 

In the bias circuit 101 having the aforementioned con 
?guration, the feedback circuit Q2 receives three feedback 
inputs and applies negative feedback to the output circuit Q1. 
The ?rst feedback input is the output potential V0. In 

other words, the base of the transistor T1 serves as the ?rst 
feedback input terminal. The ?rst feedback input has been 
also used in the background art bias circuit 100. The 
variation of the potential difference between the output 
potential V0 and the second potential V EE allows the bias of 
the transistor T1 to change, to thereby cause a variation of 
the currents in the resistors R1 and R2. As the result, a 
potential V A at the node A also varies to apply negative 
feedback to the bias of the base potential of the transistor T2, 
thereby reducing the variation of the potential difference 
between the output potential V0 and the second potential 
V E5. The node A serves as an feedback output terminal. 

The second feedback input is a potential Vc at the node 
C. The node C serves as the second feedback input terminal. 
The clamping circuit Q3 applies a clamp potential which is 
higher by a predetermined clamp voltage to the node C even 
if the second potential V EE varies. The clamp voltage is the 
sum of base-emitter voltages V4, V5 and V6 of the transistors 
T4, T5 and T6. 

Accordingly, in disregard of the dependency of the clamp 
voltage upon the second potential VEE (in other words, the 
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dependency of the base-emitter voltages V4, V5 and V6 upon 
the second potential VEE), the potential difference between 
the potential Vc and the second potential V EE is maintained 
within a speci?ed range. In this case, a voltage is developed 
across the resistor Rza, thereby retaining the potential dif 
ference between the clamp potential (potential Vc) and the 
?rst potential VCC. Therefore, the potential Vc varies in 
response to the variation of the second potential VEE 
although the ?rst potential VCC is ?xed. 
On the other hand, the resistance R2,, retains the potential 

difference between the potentials Vc and V A. In disregard of 
the base current of the transistor T2, a current 11 from the 
transistor T1 and a current 13 from the transistor T3 of the 
current generating circuit Q4, re?ecting the dependency of 
the clamp voltage upon the second potential V EE, ?ow in the 
resistor Rzb. 

Therefore, in disregard of the dependency of the clamp 
voltage upon the second potential V E5, the current Il always 
takes the value depending only on the clamp voltage. 
Accordingly, the potential V A at the node A varies in 
response to the variation of the second potential VEE and 
negative feedback is applied to the base of the transistor T2 
to supply a bias to the potential thereof. Applying such a 
negative feedback means cancelling the second term of the 
right-hand side of Formula (4). 
The third feedback input is the current 13. When the 

dependency of the clamp voltage upon the second potential 
V BE, i.e., the dependency of the base-emitter voltages V4, V5 
and V6 upon the second potential VEE is not ignored, the 
clamping circuit Q3 alone can not keep the clamp voltage at 
an exactly constant value. For this reason, the variation of 
base-emitter voltage V4 of the transistor T4 is transferred to 
the transistor T3 Of the current generating circuit Q4 and 
then the current having the value corresponding to the 
variation is applied to the resistor Rzb. 

Thus, in the ?rst preferred embodiment, the node A serves 
not only as the third feedback input terminal for receiving 
the third feedback input but also as the feedback output 
terminal for applying the feedback output to the base poten 
tial of the transistor T2. 

For example, when the second potential 'VEE drops (i.e., 
its absolute value becomes higher), the base-emitter voltages 
V4, V5 and V6 rise, that is, the clamp voltage rises. In this 
case, a base-emitter voltage V3 of the transistor T3 rises and 
the current 13 increases. Accordingly, the voltage drop 
across the resistor R2,, increases and thereby the potential V A 
drops, so that the potential difference between the potential 
VA and the second potential VEE decreases. As the result, 
even if the clamp voltage increases, the node A serving as the 
feedback output terminal can properly apply the potential V A 
as feedback output to the output circuit Q1 . Even if the 
second potential VEE rises, the node A can also properly 
apply the potential V A to the output circuit Q1. Applying 
such a negative feedback means cancelling the ?rst term of 
the right-hand side of Formula (4). 

Thus, the ?rst preferred embodiment of the present inven 
tion provides a stabilized output voltage by employing two 
more feedback inputs as compared with the background art 
bias circuit 100. The clamping circuit Q3 and the current 
generating circuit Q4 are arranged so that the two additional 
feedback inputs can be obtained. 

Considering that the feedback inputs can be obtained as 
above, the transistor T4 not only provides part of the clamp 
voltage but also detect the variation thereof. The transistors 
T5 and T6 provide part of the clamp voltage in the clamping 
circuit Q3. 
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The current generating circuit Q4 receives the variation of 

the clamp voltage to generate a feedback current which 
varies in response to the variation. 

(A-3) Quantitative description: 
The operation of the bias circuit 101 will be quantitatively 

described below by using formulae. 
The potentials V A and Vc at the nodes A and C, output 

potential V0 and the current II are expressed as follows: 

(8) 

where the ?rst potential Vcc is ?xed to 0V. Substituting 
Formula (6) into Formula (8), the following formula can be 
obtained: 

Substituting Formulae (7) and (9) into Formula (10), the 
following formula can be obtained: 

—V2—[(V0—V1—VEE)/R1+I3l-R2b (11) 

Therefore, the output voltage VCS is expressed as follows: 

Vcs = (12) 

R1[VR2bVVVVIR] W 1'T—2+ 4+ 5+ 6_3‘ 211 

Accordingly, the dependency upon the second potential 
VEE is expressed as follows: 

The ?rst and second terms of the right-hand side of 
Formula (13) correspond to the ?rst and second terms of the 
right-hand side of Formula (4), respectively. If the depen 
dencies of the base-emitter voltages of respective transistors 
upon the second potential VEE are negligible, the ?rst term 
of the'right-hand side of Formula (13) is negligible like in 
the background art. Furthermore, in Formula (13), since the 
dependency of the current I3 upon the second potential VEE 
is also negligible, the following relation, is held: 

avcs (14) 
a VEE 

Therefore, the second term of the right-hand side of 
Formula (4) is also negligible, and accordingly, the output 
voltage VCS is constant even if the second potential V 55 may 
vary. 
The reason why the dependency of the current I3 upon the 

second potential VEE is negligible will be described. In 
general, the base-emitter voltage VEE and the collector 
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current Ic (which may be equal to the emitter current if the 
base current is negligible) of a transistor have the following 
relation: 

VBE 
Ic M exp VT 

where the voltage VT takes a constant value, for example, 
about 26 mV in the case of a silicon transistor. From 
Formula (15), the dependency of the current I3 upon the 
second potential VEE is expressed as follows: 

(15) 

Therefore, if the dependency of the base-emitter voltage 
V3 upon the second potential V EE is very small, the depen 
dency of the current I3 upon the second potential VEE is 
negligible like other transistors. 

Moreover, in the bias circuit 101 in accordance with the 
?rst preferred embodiment, even if the dependency of the 
base-emitter voltage V,- of each transistor T,- (i=1 to 6) upon 
the second potential VEE is not negligible, the operation 
dependency thereof upon the second potential VEEcan be 
lessened unlike the background art bias circuit 100. 

Formula (13) will be transformed by utilizing Formula (6) 
into the following formula: 

(17) )+ 
RZb aVEE 

Since the dependencies of the transistors V,- (i=1 to 6) 
upon the second potential VEE are almost equal, if the 
resistance R1 is set to so much smaller value than the 
resistance R2,,, for example less than 1/10, Formula (17) can 
be approximately expressed as follows: 

(16) 

aVEE 
3V1 
aVEE 

6 V3 
' aVEE 

avcs av, R1 ~13 av, (18) 

On the other hand, as is clearly seen from FIG. 1, the 
collectors of the transistors T1 and T3 are connected com 
mon to each other. The emitter of the transistor T3 is 
connected to the second power supply line VEE and the 
emitter of the transistor T1 is connected through the resistor 
R1 to the second power supply line VEE. Setting the resis 
tance R1 too small will make the dependencies of the 
emitter-base voltages V,- of the transistors T1 and T3 upon the 
second potential VEE almost equal even if the transistors T1 
and T3 have the same size. 

Therefore, the right-hand side of Formula (18) can be 
made almost zero by setting the feedback current I3 as 
follows: 

(where R1 << Rzb) 

Setting the resistance R1 to a proper value will achieve 
such a setting of the feedback current I3 as above. 

Thus, the ?rst preferred embodiment can provide a more 
stabilized output voltage as compared with the conventional 
art when the dependencies of the base-emitter voltages V, 
upon the second potential are negligible, and moreover can 
also provide a stabilized output voltage through simple 
setting even if the dependencies are not negligible. 

(A-4) Description from Another Standpoint: 

The con?guration of the bias circuit 101 will be described 
from another point of view. FIG. 3 is a circuit diagram 
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12 
showing a con?guration of the bias circuit 101, in which the 
connection of elements is the same as shown in FIG. 1. 
Furthermore, in FIG. 3, the grouping blocks are different 
from those of FIG. 1. 

FIG. 3 shows the output circuit Q1 and the feedback 
circuit Q2 like in FIG. 1 and a clamping circuit Q5 and a 
current mirror circuit Q6 instead of the clamping circuit Q3 
and the current generating circuit Q4 Of FIG. 1. 
The clamping circuit Q5 comprises the transistors T5 (D) 

and T6 and provides part of the clamp voltage. The current 
mirror circuit Q6 comprises the transistors T3 and T4, and the 
transistor T4 provides part of the clamp voltage. 
When the second potential VEE rises (i.e., its absolute 

value becomes lower), the base-emitter voltage V4 of the 
transistor T4 decreases. Accordingly, the collector current of 
the transistor Q4 decreases. Since the transistors T3 and T4 
constitute of the current mirror circuit Q6, the current I3 
?owing in the transistor T3 decreases as the collector current 
of the transistor T4 decreases. Hence, the voltage drop across 
the resistor R2,, decreases and the output potential V0 rises. 
This compensates for a rise of the second potential VEE to 
keep the output voltage VCS at a constant value. 
On the other hand, when the second potential VEE drops 

(i.e., its absolute value becomes higher), the base-emitter 
voltage V4 of the transistor T4 increases. Accordingly, the 
collector current of the transistor Q4 increases and then the 
current I3 ?owing in the transistor T3 increases. Hence, the 
voltage drop across the resistor R2,, increases and the output 
potential V0 drops. This compensates for a drop of the 
second potential VEE to keep the output voltage Vcs at a 
constant value. 

B. The Second Preferred Embodiment: 

FIG. 4 is a circuit diagram showing a con?guration of a 
bias circuit 102 in accordance with the second preferred 
embodiment of the present invention. The bias circuit 102 
has a feedback circuit Q21 instead of the feedback circuit Q2 
of the bias circuit 101. 

In the feedback circuit Q21, the resistor R2,, of the 
feedback circuit QZ is divided into two resistors R21,1 and 
Rzbz. The one end of the resistor R2,,1 is connected to the 
node C and the other end thereof is connected to the one end 
of the resistor R2,,2 and the base of the transistor T2 at a node 
A1. The other end of the resistor R2,,2 is connected common 
to the collectors of the transistors T1 and T3 at a node A2. 

Since the feedback circuit Q21 has the aforementioned 
con?guration, the feedback current I3 serving as the third 
feedback input is applied to the node A2. The node A2 serves 
as the third feedback input terminal and the node A1 serves 
as the feedback output terminal to output the feedback 
output to the base of the transistor T2. 

, In conformity with the second preferred embodiment, the 
?rst preferred embodiment corresponds to a case where 
R2,,2=0 and the nodes A1 and A2 are at one as the node A. 

Thus, by separating the third feedback input terminal and 
the feedback output terminal and ?lrther providing the 
resistor Rzbz, the second preferred embodiment, having the 
effect of the ?rst preferred embodiment, increases a design 
ing ?exibility and enables proper setting of the feedback 
output to be applied to the base of the transistor T2. 

Furthermore, the second preferred embodiment has an 
advantage of easy construction as compared with the third 
preferred embodiment. 

C. The Third Preferred Embodiment: 

FIG. 5 is a circuit diagram showing a con?guration of a 
bias circuit 103 in accordance with the third preferred 
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embodiment of the present invention. The bias circuit 103 
has a current mirror circuit Q61 instead of the current mirror 
circuit Q6 in the bias circuit 101 of FIG. 3 in accordance with 
the ?rst preferred embodiment. 
The current mirror circuit Q,51 further comprises a resistor 

R4 between the transistor T3 and the second power supply 
line V 55 in the current mirror circuit Q6 of FIG. 3. As well 
known with respect to the operation of current mirror circuit, 
a resistor which is connected to the emitter serves to change 
the ratio of the current ?owing in the transistor T4 and the 
current I3 from the transistor T3. Therefore, it becomes much 
easier to design a circuit to satisfy the relation as expressed 
in Formula (19). 

It can be also seen from FIG. 5 that the bias circuit 103 
has a current generating circuit Q41 instead of the current 
generating circuit Q4 in the bias circuit 101 of FIG. 1 in 
accordance with the ?rst preferred embodiment. 

D. The Fourth Preferred Embodiment: 

FIG. 6 is a circuit diagram showing a con?guration of a 
bias circuit 104 in accordance with the fourth preferred 
embodiment of the present invention. The bias circuit 104 
has a current mirror circuit Q62 instead of the current mirror 
circuit Q6 in the bias circuit 101 of FIG. 3 in accordance with 
the ?rst preferred embodiment. 
The current mirror circuit Q62 further comprises a resistor 

R5 between the collector of the transistor T4 and the clamp 
ing circuit Q5 in the current mirror circuit Q6 Of FIG. 3. In 
the bias circuit 104, as compared with the bias circuit 101, 
the clamp voltage rises and moreover the current ?owing in 
the transistor T4 decreases by further providing the resistor 
R5. Accordingly, the current I3 from the transistor T3 also 
decreases. Therefore, the fourth preferred embodiment 
increases the designing ?exibility in designing a circuit to 
satisfy the relation as expressed in Formula (19) and 
achieves an easier designing. 

It can be also seen from FIG. 6 that the bias circuit 104 
has a clamping circuit Q31 instead of the clamping circuit Q3 
in the bias circuit 101 of FIG. 1 in accordance with the ?rst 
preferred embodiment. 

Furthermore, the fourth preferred embodiment, as com 
pared with the third preferred embodiment, has an advantage 
of easier optimization and a disadvantage of smaller varia 
tion of the current I3 in response to the resistance variation. 
For this reason, it should be decided which to use, the third 
preferred embodiment or the fourth preferred embodiment, 
in consideration of a balance of cost depending on the 
designing time and the required performance. 

E. The Fifth Preferred Embodiment: 

FIG. 7 is a circuit diagram showing a con?guration of a 
bias circuit 105 in accordance with the ?fth preferred 
embodiment of the present invention. The bias circuit 105 
has a current mirror Q63 instead of the current mirror circuit 
Q6 in the bias circuit 101 of FIG. 3 in accordance with the 
?rst preferred embodiment. The current rrrirror circuit Q63 
comprises the resistor R4 like the current mirror circuit Q61 
in the bias circuit 103 of FIG. 5 in accordance with the third 
preferred embodiment, a resistor R5 like the current mirror 
circuit Q62 in the bias circuit 104 of FIG. 6 in accordance 
with the fourth preferred embodiment and further comprises 
a resistor R6 between the collector of the transistor T3 and 
the feedback circuit Q2. 
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In the ?fth preferred embodiment, as compared with the 

third or fourth preferred embodiment, further provision of 
the resistor R6 causes a decrease in the current I3 . In other 
words, an increase of the number of the resistors further 
increases the designing ?exibility. 

It can be also seen from FIG. 7 that the bias circuit 105 
has a clamping circuit Q31 and a current generating circuit 
Q42 instead of the clamping circuit Q3 and the current 
generating circuit Q4, respectively, in the bias circuit 101 of 
FIG. 1 in accordance with the ?rst preferred embodiment. 

F. The Sixth Preferred Embodiment: 

FIG. 8 is a circuit diagram showing a con?guration of a 
bias circuit 106 of the sixth preferred embodiment of the 
present invention. The bias circuit 106 has a clamping circuit 
Q30 instead of the clamping circuit Q3 in the bias circuit 101 
of FIG. 1. 

In the clamping circuit Q30, the diode D (transistor T5) is 
omitted from the clamping circuit Q3. The collector of the 
transistor T4 and the emitter of the transistor T,S are con 
nected direct to each other. In conformity with the ?rst 
preferred embodiment, this con?guration corresponds to a 
case where the base-emitter voltage V5 is zero. However, the 
effect of the ?rst preferred embodiment can be also achieved 
because Formula (18) is deduced from Formula (17). 

FIG. 9 is a circuit diagram showing the connection of the 
bias circuit 106 and an ECL circuit Q9, corresponding to 
FIG. 12. As shown in FIG. 9, when the current source Q10 
in the ECL circuit Q9 has only one transistor T10, a tem 
perature dependency of the current therefrom depends on a 
temperature dependency of the base-emitter voltage V10 of 
the transistor T10. 
On the other hand, a temperature dependency of the 

output voltage VCS (=V0 —VEE) from the bias circuit 106 
depends on a temperature dependencies of the base-emitter 
voltages V2, V4 and V5 of the transistors T2, T4 and T5. 
The temperature dependencies of the base~emitter volt 

ages V2, V4 and V5 of the transistors T2, T4 and T5 can be 
set almost equal. Considering now the sequential course 
from the second power supply line V EE to the transistors T , 
T6, the resistor R2,” the transistors T2, T10, the resistor R10 
and again to the second power supply line VEE, the base 
ernitter voltages V4 and V6 and the base-emitter voltages V2 
and V1O are disposed in an opposite relation. Hence, the 
temperature dependencies can be substantially oifset. 

In short, in combination of the bias circuit 106 and the 
ECL circuit Q9, the temperature dependency of the current 
from the current source Q1O is reduced. 

Furthermore, the ?rst to ?fth preferred embodiments, as 
compared with the sixth preferred embodiment, have an 
advantage of obtaining an increased clamp voltage by the 
base-emitter voltage of one transistor. Since the output 
voltage does not exceed the clamp voltage, an increase in the 
clamp voltage causes larger output voltage to be outputted. 

While the invention has been shown and described in 
detail, the foregoing description is in all aspects illustrative 
and not restrictive. It is therefore understood that numerous 
modi?cations and variations can be devised without depart 
ing the scope of the invention. 
We claim: 
1. A constant voltage generating circuit comprising: 
(a) a ?rst potential point and a second potential point for 

providing a ?rst potential and a second potential which 
are different from each other; 
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(b) an output circuit having 
(b-l) an output terminal; 
(b-2) an output resistor including a ?rst end connected 

to said output terminal and a second end connected 
to said second potential point; 

(b-3) an output transistor including a ?rst current 
electrode connected to said ?rst potential point, and 
a second current electrode connected to said output 
terminal and a control electrode; 

(c) a clamping circuit having 
(0-1) a clamp output terminal for applying a clamp 

voltage which is approximately constant with varia 
tion of predetermined range to said second potential 
to output a clamp potential; 

(0-2) a variation output terminal for transferring said 
variation of said clamp voltage; 

(d) a feedback circuit having 
(d-l) a ?rst feedback input terminal connected to said 

output terminal; 
(d-2) a second feedback input terminal connected to 

said clamp output terminal; 
(d-3) a third feedback input terminal; 
(d-4) a feedback output terminal for providing said 

control electrode of said output transistor with a 
potential which is negatively fed back in response to 
potential variations of said ?rst to third feedback 
input terminals; 

(d-5) a ?rst resistor connected between said ?rst poten 
tial point and said second feedback input terminal; 

(d-6) a second resistor connected between said second 
feedback input terminal and said feedback output 
terminal; 

(d-7) a feedback transistor including a ?rst current 
electrode connected to said feedback output terminal 
and said third feedback input terminal, and a control 
electrode connected to said ?rst feedback input ter 
minal and a second current electrode; and 

(d-8) a third resistor connected between said second 
current electrode of said feedback transistor and said 
second potential point; and 

(e) a current generating circuit having 7 
(e-l) a variation input terminal connected to said varia 

tion output terminal, said current generating circuit 
supplying said third feedback input terminal with a 
feedback current which increases or decreases in 
response to a potential difference between a potential 
of said variation input terminal and said second 
potential. 

2. The constant voltage generating circuit of claim 1, 
wherein 

said feedback output terminal and said third feedback 
input terminal are connected directly to each other in 
said feedback circuit. 

3. The constant voltage generating circuit of claim 1, 
wherein 

said third feedback input terminal and said ?rst current 
electrode of said feedback transistor are connected 
directly to each other in said feedback circuit. 

4. The constant voltage generating circuit of claim 3, 
wherein said feedback circuit further has 

(d-9) a fourth resistor for connecting said feedback output 
terminal to said third feedback input terminal. 

5. The constant voltage generating circuit of claim 1, 
wherein said clamping circuit further has 

(c-3) a clamp potential generating transistor including a 
?rst current electrode connected to said ?rst potential 
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point, a control electrode connected to said clamp 
output terminal and a second current electrode; and 

(0-4) a clamp potential variation detecting transistor 
including a ?rst current electrode connected to said 
second current electrode of said clamp potential gen 
erating transistor, a second current electrode connected 
to said second potential point and a control electrode 
connected to said variation output terminal. 

6. The constant voltage generating circuit of claim 5, 
wherein 

said control electrode and said ?rst current electrode are 
connected directly to each other in said clamp potential 
variation detecting transistor. 

7. The constant voltage generating circuit of claim 6, 
wherein said clamping circuit further has 

(c-5) a diode disposed in series between said second 
current electrode of said clamp potential generating 
transistor and said ?rst current electrode of said clamp 
potential variation detecting transistor. 

8. The constant voltage generating circuit of claim 7, 
wherein said clamping circuit further has 

(c-6) a resistor disposed in series between said second 
current electrode of said clamp potential generating 
transistor and said ?rst current electrode of said clamp 
potential variation detecting transistor. 

9. The constant voltage generating circuit of claim 1, 
wherein said current generating circuit further has 

(e-2) a current generating transistor including a ?rst 
current electrode in which said feedback current ?ows, 
a control electrode connected to said variation input 
terminal and a second current electrode connected to 
said second potential point. 

10. The constant voltage generating circuit of claim 9, 
wherein said current generating circuit further has 

(e-3) a ?rst resistor disposed in series between said second 
current electrode of said current generating transistor 
and said second potential point. 

11. The constant voltage generating circuit of claim 10, 
wherein said current generating circuit further has 

(e-4) a second resistor which is connected to said ?rst 
current electrode of said current generating transistor 
and in which said feedback current ?ows. 

12. A constant voltage generating circuit, comprising: 
(a) a ?rst potential point and a second potential point for 

providing a ?rst potential and a second potential which 
are different from each other; 

(b) an output circuit having 
(b-l) an output terminal; 
(b-2) an output resistor including a ?rst end connected 

to said output terminal and a second end connected 
to said second potential point; 

(b-3) an output transistor including a ?rst current 
electrode connected to said ?rst potential point, a 
second current electrode connected to said output 
terminal and a control electrode; 

(c) a current mirror circuit having 
(c-l) an input and an output end; 
(0-2) a ?rst branch including a ?rst end connected to 

said input end and a second end connected to said 
second potential point; 

(c-3) a second branch including a ?rst end connected to 
said output end and a second end connected to said 
second potential point, 

said current mirror circuit supplying said second branch 
with a current in proportion to a current ?owing in said 
?rst branch; 




